The rare earth-cobalt-indides RE 14 Co 3 In 3 (RE = Y, Tb, Dy, Ho, Er) were prepared in polycrystalline form from the elements by arc-melting. Small single crystals were grown through a special annealing sequence. The compounds were investigated on the basis of X-ray powder and single crystal data: 
Introduction
The structural chemistry of rare earth (RE)-transition metal (T)-indides with a high RE content is characterized by high coordination numbers and chemical bonding is governed significantly by the many RE-RE contacts. The structures can be described by a complex packing pattern of different polyhedra [1, 2] . An overview is given in a recent review [3] . Although the RE-T-In systems are rich in compounds, so far only few RE-rich phases have been reported, i. e. RE 12 Ni 6 In (RE = Y, La, Pr, Nd, Sm, Gd) and RE 12 Co 6 In (RE = La, Pr, Nd, Sm) with Sm 12 Ni 6 In type [1, 2, 4] , RE 6 Co 2 In (RE = Y, Sm, Gd-Ho, Tm, Lu) with Ho 6 Co 2 Ga structure [2, 5] , RE 14 Co 2 In 3 (RE = Y, Gd-Tm, Lu) [6] [7] with Mo 5 SiB 2 structure, and the series RE 12 Pt 7 In (RE = Ce, Pr, Nd, Gd, Ho) [8] with an ordered version of the Gd 3 Ga 2 type.
0932-0776 / 06 / 0100-0023 $ 06.00 c 2006 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com A discrepancy occurred for the gadolinium-based indide Gd 14 Co 3 In 2.7 [9] and the series RE 14 Co 2 In 3 (RE = Y, Gd-Tm, Lu) [6] where the structure was originally determined from single crystal data for Lu 14 Co 2 In 3 . Gd 14 Co 3 In 2.7 [9] is related to the Lu 14 Co 2 In 3 type indides, however, the gadolinium compound shows an additional 4d Co2 site, defects on the 8g Co1 site, and a mixed Co/In occupancy on the 4c site. We have observed similar structural features for the family of new nickel compounds RE 14 Ni 3 In 3 (RE = Sc, Y, Gd-Tm, Lu) [10] , which are formed only with the smaller rare earth elements. These indides also show an additional 4d Ni2 site, similar to Gd 14 Co 3 In 2.7 , and some RE/In mixing of the 4c RE1 sites.
Since the structure refinement for Lu 14 Co 2 In 3 was carried out with 754 F values with I > 6σ (I) and resulted in a somewhat high residual of R = 0.061 [6] , we decided to reinvestigate these cobalt-based indides. The synthesis and structure refinements of RE 14 Co 3 In 3 (RE = Y, Tb, Dy, Ho, Er) are reported herein.
Experimental Section

Synthesis
Starting materials for the preparation of the RE 14 Co 3 In 3 samples were ingots of the rare earth metals (Johnson Matthey, Chempur or Kelpin), cobalt powder (SigmaAldrich, 100 mesh), and indium tear drops (JohnsonMatthey), all with stated purities better than 99.9%. All samples were prepared directly from the elements via arc-melting [11] under an atmosphere of ca. 600 mbar argon. The argon was purified before over titanium sponge (900 K), silica gel, and molecular sieves. The elements were weighed in the ideal 14 : 3 : 3 atomic ratios. The cobalt powder was coldpressed to small pellets (∅6 mm) prior to arc-melting. After the first melting stage, all samples were turned over and remelted two times in the arc-melting crucible in order to achieve homogeneity. The weight losses were always smaller than 0.5 weight-%. The RE 14 Co 3 In 3 indides were obtained as silvery buttons with metallic luster which are stable in air over months.
After the arc-melting procedure the RE 14 Co 3 In 3 indides were obtained only as polycrystalline powders. Single crystals were grown using special heat treatment. First the buttons were crushed, powdered and cold-pressed into pellets. Next the samples were put in small tantalum containers that were sealed in evacuated silica tubes as an oxidation protection. The ampoules were first heated to 1380 K for the Dy, Ho, and Er compounds (to 1360 K for Tb and to 1390 K for Y) within 5 h and held at that temperature for 6 h. Subsequently the temperature was lowered at a rate of 5 K/h to 950 K for all compounds, then at a rate of 10 K/h to 700 K, and finally cooled to room temperature within 10 h. As a result in all cases single crystals of irregular shape were ob- tained. After cooling, the samples could easily be separated from the tantalum container. No reaction of the samples with tantalum could be detected.
X-ray film data and structure refinements
The arc-melted and the annealed samples were checked through Guinier powder patterns (α-quartz (a = 491.30, c = 540.46 pm) as an internal standard) using Cu-K α1 radiation. The Guinier camera was equipped with an imaging plate system (Fujifilm BAS-1800). The experimental patterns matched with calculated ones [12] using the atomic positions obtained from the structure refinements. The lattice parameters (Table 1 and Fig. 1 ) are in good agreement with the previously published data [6, 9] . The small discrepancies, especially for the c parameters, reflect the small homogeneity ranges.
Irregularly shaped single crystals of RE 14 Co 3 In 3 (RE = Y, Tb, Dy, Ho, Er) were isolated from the annealed samples by mechanical fragmentation and examined by Laue photographs on a Buerger precession camera (equipped with an imaging plate system Fujifilm BAS-1800) in order to establish suitability for intensity data collection. Intensity data were collected at room temperature by use of a Stoe IPDS-II diffractometer with graphite monochromatized Mo-K α radiation. The absorption corrections were numerical. All relevant crystallographic data for the data collections and evaluations are listed in Table 2 .
Careful examination of the five data sets revealed space group P4 2 /nmc for the RE 14 Co 3 In 3 compounds, in agreement with all previous investigations [6, 9, 10] . The atomic parameters of Gd 14 Ni 3.29 In 2.71 [10] were taken as starting values and the structures were refined using SHELXL-97 (full-matrix least-squares on F o 2 ) [13] with anisotropic atomic displacement parameters for all sites. Since the nickel compounds revealed RE/In and Ni/In mixing on the two 4c sites, the occupancy parameters were refined in separate series of least-squares cycles. All RE 14 Co 3 In 3 compounds revealed defects on the 8g Co1 site and In/Co mixing on the 4c In1 site. Except for the holmium compound we also observed RE/In mixing on the 4c RE1 site, similar to the RE 14 Ni 3 In 3 indides [10] . Final difference Fourier synthesis revealed no significant residual peaks (see Table 2 ). The highest residual densities were close to the rare earth positions and most likely resulted from incomplete absorption corrections of these strongly absorbing intermetallics. The refined positional parameters and interatomic distances are listed in Tables 3 and 4 . Further details on the structure refinements are available. *
EDX analyses
The bulk samples and the single crystals measured on the diffractometers have been analyzed by EDX using a LEICA 420 I scanning electron microscope with Y, TbF 3 , DyF 3 , HoF 3 , ErF 3 , Co, and InAs as standards. The single crystals mounted on the quartz fibres were coated with a thin carbon film. Pieces of the bulk samples were polished with different silica and diamond pastes and left unetched for the analyses in the scanning electron microscope in backscattering mode. The EDX analyses revealed no impurity elements and were in agreement with the refined compositions.
Discussion
The tigated on the basis of X-ray single crystal data. These studies clearly revealed the additional cobalt position and the Co/In mixing on the 4c site, in agreement with a recent investigation on Gd 14 Co 3.03 In 2.69 [9] . Except for the holmium compound, a small degree of RE/In mixing was observed for the 4c RE1 position. These results nicely confirm those of our recent investigations on the series of RE 14 Ni 3 In 3 nickel indides [10] .
The crystal chemistry of the cobalt compounds is more or less similar to that of the nickel compounds, with the exception that defects up to 16% have been observed for the Co1 sites, while all Ni1 sites in the RE 14 Ni 3 In 3 compounds were fully occupied. The origin of these defects is so far not understood. They are surprising, since the cobalt compounds already have the lower electron count.
Since the structure of the RE 14 Co 3 In 3 indides is relatively complex, the most descriptive presentation is the condensation of the coordination polyhedra. A large polyhedral building unit is formed around the In2 dumb-bells which have the short In2-In2 distance of 300 pm in Ho 14 Co 2.80 In 2.89 (Fig. 2, left-hand part) . In view of the high rare earth metal content, this segregation is remarkable. The polyhedra around the In2 2 dumb-bells extend in the a or the b direction, a consequence of the 4 2 axis.
The arrangement of the polyhedra around the mixed occupied site In1/Co3 is presented in the right-hand part of Fig. 2 . The twelve nearest neighbours are arranged in the form of a significantly distorted icosahedron.
In Ho 14 Co 2.80 In 2.89 each cobalt atom has six nearest holmium neighbours in trigonal prismatic coordination (Fig. 3) . These prisms are condensed via common edges and corners, leading to two-dimensional motifs. Due to the 4 2 axis, every other of these motifs is rotated by 90 • . Interestingly, the defect Co1 site has a higher average Co1-Ho distance of 276 pm as compared to Co2-Ho of 272 pm.
The coordination polyhedra of all crystallographically independent sites and the interatomic distances have been discussed in detail for the series of RE 14 Ni 3 In 3 nickel indides [10] . For further information we refer to the previous work.
